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Description \ J? 

The invention relates » agents ,o, treating human tllnesses based on spaces Seeing the 
m,e,ac,ion be,wee„ B-catenin and transcript facers and tumor .suppressor gene products. 
Among them .here are LEF-l-fTCM-transcription factors and peptides derived from 6- 
catenin and similar molecules. Furthermore, i, reiates to a method for detecting such 
stances and the use o, the agent, preferably for treating tumors such as coionic cancers and 

melanomas. t , 

Accordingly, fields o, appiication o, the invention are pharmaceutic, industry and medtcne. 

8 -ca,e„in is a cytoplasmic protein which fulfils various functions in the ce„. .n comptex whh 
lhe cell adhesion molecules o, the cadherin family B-catemn establishes the connection wtth 
, he cytoskeleton (Huelsken J. e, a,.. E-cadnerin and APC compete for the interaction w„h 
b e,a-ca,enin and Uc cytoskeleton. J-Cell-Biol. ,27: 206,-9. ,994). .n addition. G-catenin ts a 
component „, the W« signal transduction wnich plays a big par, in embryoic development, 
me transcription factor LEF-! was identified as inaction pawner of B-catenin in this stgna, 
cascade (Behrens. J. e, a,.. Function,, interaction o, beta catenin wiU, the transcription factor 
LEF-1 Nature. 382: 638-42, 1996). The mechanism of signal transducion by S-catentn and 
LEF-1 has been MM K consists of the transport of 6-ca.enin into the cel. nucleus 
mediated by LEF-1. This complex regula.es the gene expression in the cell nucleus by the 
LEF-1 induced DNA flexion modified in the complex and by the carboxy-lermmal 
lranS ac,iva,ion domain of B-ca,enin. ,n the mean time, there has been shown tha, also Cher 
members of the LEF-1/TCF family of transcription factors, e.g. TCF-4. are able to medtate 
*b signal transduction (Korinex. V. e, a,., Constitutive transcriptions! activation by a bcta- 
catenin-Tcf complex in APC-/-colon carcinoma. Science. 275: 1784-87. 1997). 

Stabilising the cytoplasmic pool o. free B-catenin no, bound ,0 cadherin is the prerequisite to 
, his signal transducion depending on B-ca.enin. Th.s poo, is negatively regulated by glycogen 
syndtetase kinase 3B. by the tumor suppressor gene product APC and conducting. 

/ 



-i ~< app sinn this rceu anon (Monn, r.J. ci ai„ 
catenin or in the B-catenin bind.ng domain of APC stop rcg 

APC Science. 275: ,787-90, 1997,. According*. ,hc 0-ca.enin poo, „ s,ab,„*d 

^.laddUion.U^o.n^wn.auHisacUvi.is.n^Ue.inAPC.enc.en.co.on.c 

APC mutat ons were identities in me ovciw, 6 

■« ,hP ft catenin Rene. The result of these mutations of 
APC-deficient tumors show mutat.ons in the ii-caten.n gene. 

APC or B-catenin is an activation of signa, transduction by the B-catenm-LEF^ comp.ex. 
This underlines the Uey role played by B-ca,enin in the deve.opmcnt of tumors. As APC 
nations were identified as an eariy event in the development of colonic tumors the 

tUm0rS " •.• i™ role olaved bv B-catenin in the development of 

Attempts have been made to utilize the key role played rjy o 

, w „ pal en t app,ica, i onsw= refMta , h e U S A *,in,He m ean tim e.we repuMK Heoa S WO 

papers ,n WO 98/4,63, (John Hopkins UniversUy - B. V„ge,s.ein) ,he inHoence on 

, nns of B «.enin TCF-4 and .he .umor oppressor pro.ein APC aimed a, prevenung 

interactions of b-caienin, iv.r 

lhe devCopmen, of cancer is Caimed. There was shown .ha, prodnCs of mutated APC genes 
detected in co,orec,a, tumo* are no ionger able ,o ,egu,a,e ,h= ac,i»a,o„ of .he 
catenin/TCM .ransc.ip.ion. Furore, coioreca, .umors with i,ac, APC genes show 
acli va.ion mutations o, B -ca,enin in .he N-ermina, area which af,ec,s -he funcon, g of he 
m „s, import „hosphory,ation si.es. Based on .his da„ ,he concision is drawn tha , e 

m ! y he evaded by mutations in APC o, in A-cateni, The main Cairn re.ates ,„ .he ,n.ro,free 

DNA molecule coding for TCF-4. 

WO 98M2296 (Onyx Pharmaceu,ica,s ,nc. - Rubi„fe,d, re„es .0 composi.,o„s and me,h„ds 
„, diagnosing and ,rea,ng i„„ess,s caused by in.rac.ions be,ween 3-catenin and ,ra„sc,,p„on 
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fragments were not indicated. 

On ,„c one Sand ,ne invcnUon described he, ,s ainrcd a, n^ing avaiiabic new agendo, 
, rca , ing cancers o, abc„a„ t .issue and organ dceiopmen,, U is based on ,he specia, ,a* » 
a „ee, ,he Weracuon between 6-ca,enin and LEF/TCF .ransenprion face, as a p,ereou,s,, ,„ 
the translocation and act 
specific, i.e. it shall not 

conductin or B-cadherin). In addition, the invention , 

for screening substance libraries to detect molecules (a. o. peptides, organic compounds) 
which highly specifically affect always only one interaction of B-caten,n. 



ivity of the complex in the cell nucleus. This modulation shall be 
interfere with other interactions of B-catenin (e.g. with APC, 

is aimed at developing ELISA methods 



The invention is implemented according to 



the claims, the sub-claims are preferential variants. 



the binding domains of the LEF-TCF transcription 
identified (Fig. 1). They are the starting point for obtaining peptides 
These peptides consist preferably of 

nal domain of LEF-1 or TCF-4 (Fig. 



In a first implementation of the invention 
factors for B-catenin were 
and similar molecules according to the invention 
sequences containing 10-20 amino acids from the N-termi 
2). These are especially preferably peptides 



consisting 



• , • o-^c 11 14 nf LEF-1 (Fig. 1) with the following 
of the N -terminal amino acids 11-34 ot let V r. 6 



sequence 

GDPELCATDEMIPFKDEGDPQKEK 

' consisting of the N-termina. amino acids 14-27 of LEF-1 with the following sequence 
,.ELC AT DEM1PFKDE 

■ . •„„ ,™ic 7 ?Q (Fig 2) with the following sequence 
consisting of the the N-terminal amino acids tug. i) w» 

GGDDLGANDELISFKDEGEQEEK 



consisting of the N-terminal amino 

dlgandelisfkde: 



acids 10-23 of TCF-4 with the following sequence 



Furthermore, peptides 
flanked by hydrophobic and basic amino 



» where acid amino acids are arranged at a distance of 5 amino acids and 



acids arc preferred (Fig. 2). 



These peptides may be used for treating tumors 
ways being possible. 



according to the invention with two principle 



a) Use of peptides as such 



A direct use of peptides for treating tumors is, in ; 

A d,rC ' . the lack of membrane permeability. Stab.hzmg ,s 



general, out of question owing to their 

instability towards proteases and owing to the la 

II v coupling wi.h . second pep.ide. for which .he so-called — ««* 

' loo amino acid long, coupled pcp,ides .hrough cel, membranes in.o ,he - - 

ce „ nudeus. The coupfed peo.ides may be used in .reaUng .umors in a favourable way. 



b) 



Use of peptides for drug design (peptide mimikry) 



jncre ase .he subuiiy and efficiency in .he cell by a purposeful m odifica„on 
acids o, design of non-hydrolizable pep.idc-like bonds. 

B, su bs.i,u,ing .he carbon skeicon „, ,he pep.ides by syn.he.ic carbon s W e,o„s wi,h me 
same arrangemen, „, ,unc,io„a, groups ,he s.abili, o, .he m„,ecu,es may be aiso rncreascd 

(n0 , pe p l idomime,ics,. This molecu.ar mimikry o, .he bioiogica, ac.ivi.y o, ,nh,b.,ory 

derived fro. ,he mini.™ binding domain of LEF-lfTCF for B-ca.emn (F.gs. 3 and 

4) allows ,he produoion of more polen, agen,s for .rea.ing .umors. 

,„ a second s.ep ,o impicmen, ,he inven,on .he regions of u-ca,enin which arc responsible for 
, he specific bonds wi.h LEF-l/TCF-4, APC domains (containing 20 and 1 5 am.no acd 
re pel,onduc.in and E-cadherin were idemified. „ was de,ec.ed ,ha, .hese regrons overlap 
;i, y a„dco„cern.hearmad„,odo m a i ns3.8of B .ca,„in,Fi 8 sSand6,.Thecen.ra,po,n,of 



inleraclions wilh .divide panne, .n partic.a, the -owing — are concerned. 
rela ,ed ,o the partia. sequence of B-catenin described in the Annex (Tab. 1). 



His 470. Arg 469 no interaction with LEF-IHW 

„. no interaction with APC 20aa 

Trp 3oi 

4 no interaction with APC 15aa 

Arg 386 

Phe 253 Arg 274. Trp no interaction with conductin 

Thus the possibnity is provided the generate peptides and analogous molecules - 

b e M ^,eninand A PC. B .ca,eninand — 0 - 

end, potential candidates are brought into contact with B.ca,enin and e.g. ^ "* 

cond ions when these proteins h W (e., in anEUSA, to achieveacancerostattce,,. hen. 

Lrewnihe.easnredtowhichextentthishondwiUoeinhihitedoy.esns^eaddd. 
The Wn, signa, transduction and its components piay aiso a par, , the deveiopmen, and 

why the invention refers aiso to ,e,hods promoting the devest of sKrn and hatr b, an 
;„cLede»pressionof B -ca,enin ( orof m o re s,ah l e B .a,en i n,.This m ay 1; ee,. re ached by 

inhibiting the interaction with APC or conductin. 

Thus according to the invention, specific inhibitors of the B«a,enin,APC o, B- 

H i„,co„dul interaction may be used ,o reach increased B-catenin concentrattons ,n e 

d,issue,E q ual,y conduct, which is a protctn anaiogous to axin promotes the degraat.on 
of B .ca,eni, fnhibitors of ,hc interaction between B-ca,en,n and APC and »-ca,e».n and 
conductin may be used to interfere with processes of organ deveiopmen, Thus, the 
development of hair of man could be e.g. locally promoted. 

in particular, the following investigations were carried out: 

, . Characterizing o, the minimum binding domain of LEFA"CF fo, B-catentn: 

rne • y eas,.2.hybrid system' was used for identifying the minimum binding domain <B, .». M 
was possible to limit the minimum binding to the N-.ermina, amino acds > -27 



LEF-1 which corresponds «. ,he amino acids 7-29 in TCF-4 (Fig. 21. Tne inieracion of N- 
rcrminal LEF-I fragmems wi.h B-carenin was derccicd by means of acuva.ing a iacZ reporter 

gene (s. example). 



In an 



ELISA with synthetic peptides .here was shown (hat the respective peptides (11-34. 14- 
27) inhibit specifically the formation of the B-catcnin/LEF-1 complex. Analogous principles 
apply to the TCF4 peptides 7-29 and 10-23 as regards the formation of the B-catcnin/TCF-4 

complex (Fig. 2). 

The amino acids essential to the inhibition were identified by the synthesis of mutant peptides 
(Fig. 2). A symmetric arrangement of acid amino acids (aspartic acid and glutamic acid) at a 
distance of 5 amino acids flanked by hydrophobic amino acids (leucine, isoleucine) and a 
basic amino acid (lys) is essential to the functioning of peptides. The substitution of phenyl 
alanine or lysine by a.anine stops also the inhibition by the peptide. The importance of acid 
and aromatic amino acid residues was confirmed by a nucleus translocation test (Fig. 4) of 
endogenic B-catenin and by a transact.vation test in mammalian cells in the context of the 
whole LEF-1 molecule. 

2. Characterization of the interaction domain of B-catenin for LEF-1, APC, conductin and E- 
cadherin 

The armadillo area of B-catenin was crystallized by Huber et al. in 1997 and characterized by 
the X-ray crystal lographic analysis. It was possible to identify a basic groove which might be 
responsible for the interaction with the acid amino acids of LEF-1 (see above). That is why 
basic (Lys, Arg. His) and some aromatic (Trp) amino acids were mutated in the armadillo 
repeat units 3-9 of B-catcnin (Fig. 5). Attention was paid to the fact that notably free amino 
acid residues of helices 3 forming the basis of the groove and some amino acid residues of the 
periphery (helix 1) were mutated. The mutan, B-catenins were tested if they still interact with 
the interaction partners LEF7TCF. APC, conductin and E-cadherin (Tab. 2). With the aid of 
this method it was possible to identify critical amino acid residues of B-catenin which are of 
importance to specific interactions (Figs. 5 and 6). Thus it was possible to identify specific 
regions of B-catenin for the individual interaction partners (Fig. 6). These regions are 
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LEF-1. APC conduciin or E-cadhcrin. 

Li*.—. i.-u«™-- 

to, thei, effect on binding of various interaction partners. 

• -, h i EF .fTCF-4 is of an oncogenic nature, i.e. promotes potentially the 
The interact w„h LEF-^CF ^ 

development of cancer, the ,„,erac.,o„s wtth ' , merfering in 

anti-oncogenici-CtheyinhibitthedevelopmentofcancerEach 

lhe Wn, signa, path has to he therefore carefully tested for tts spectftc effect .I* 
Hi atio ., the binding domain o, B-ca,eniu presented here is the bas.s for that. 

potential anticancer therapeutic agents. Substances inhibiting the tnteracon wtth APC. 

intensified deve,opmen, of tissue, e.g. for promoting the grow* of ha,, 

1 Identification of the minimum binding domain 
of LEF-1 for B-catenin: 

The interaction between the partial domains of LEF-, and «.a,enin was analyzed in 
, he yeas,- 2 hybrid system b, determimng the activity o, o-ga.actosidase accordtng to 

, he N,ermina, partial domains of LEF-1 was insetted into theclontng „e o, U 
The DNA fragments of LEF-1 we. prepared by a polv—e chatn reacon (POO 



• 



an, mcubation with rcs.ric.ion endonucleases. The DN A coding for »-ca.e,,n was 
Coned into .he vector pGAD424 (Clontcch) for the ac,iva.ion domain of OAL-4 
(Bchrens e, al. 1996). The B-galacosidase activities of independent experiment were 
averaged for comparing chc inleraccion of .he hybrids. 

The specificity of ,he infraction of ,he LEF-1 hybrds wi,h B-caten.n was checked by 
mean, of ,he 6 -galac,osidase acvuy of yeasts producing me LEF hybrids and ,he 
OA. -4 ac.va.ion domain without B-carenin (Fig. 1). The expression of .he LEF-1 
nvbrids was checked in an immunoblo, wi.h yeas, ceil lysates by antibodies (Cion.ecb) 
as agains. .he Ux-A domain of me hybrids. Equal yeas. quantities were used for 
preparing ,he lysa.es after de,erming ,he optical density of .he cul.ures. 

2 . Charac.eriza.ion of .he B-c,enin binding domain o, LEF-1 in .he .est for transition 

By an ,n vi,r„ mutagenesis of the cDN A of LEF-1 point mutations were generated in the 
binding domain of LEF-1 for B-catenin. The mu.agenesis was achieved by means of the 
■■transformer si.e-direced mutagenesis kit" "of the company Clontech accordtng to 
information of the producer. The following amino acids were substi.uted by alanine: Glu 14, 
Asp 19 Glu 20, Phe 24, Lys 25. Asp 26 and Gin 27. The mutants were checked by 
sconcing and subeioned into the vector pCG-LEF-1 (Behrens e, al. 1996). After the 
.ransfecion of MDCK cells with LEF-1 o, its mu.anu the translocation of endogen.c 0- 
catenin into .he cell nucleus was analyzed according to immunoeytological methods. To th,s 
end 2 5 x If) 5 MDCK cells were tranfected. The immunodetection of LEF-1 was carried out 
with an anti LEF-1 serum of rabbits and Cy2 conjugated an,i-rabbi. anybodies, the detecuon 
of B-catenin was achieved by means of monoclonal antibodies and Cy-3 conjugated an,,- 
mouse amibodies (Fig. 4A). 



3. Characterization and quanti 



fication of inhibitory peptides in an EL1SA: 



Both proteins we, produced in baccria — „y <*» N-ierminal his*e — 
purified by means o ( .W chromatography fo, ouanttfying the inhibuton 0. the US-* 

m*>hrrn<; ct al 1996). The peptides were 
catenin interaction by syn,hc.,cpep.,des and (Behrcnsctal. 19 

produced by the company Biosyntan with the a, o, a PSSM-8 automaton (Shtmad. ,a an, 

So,id pbase peptide synthesis - a praetica, approach",. Appro.. 50 ng of LF.F, were 
absorbed in the weUs o, EL1SA piates ,or 90 minutes at room temperature. Subse q uen„y. the 

we ,e caMed ou, a, room temperature in PBS with 50 mM Tris HO ,pH ,5K After washtng 
lhe weUs with PBS the pepttde dilutions were added The incubation with 50 - ,00 ng o. 6- 

fonnation of LEF-1 and B-catenin was detected by the antibody PA2 against the carbox, 
termina, area of B-catenin (Hue.sken e, a,. ,9,4,. PA2 was added ,n a standard diluhon of 
1:50 00 in 3 % of dr, m«k powder in PBS for .0 minutes. After washing the we, s 
notification was carried ou. by detection antibodies conjugated by peroxidase (I : 2500 . 
• o, dry mi,k powder in PBS. Dianova. and the conversion of o-pheny,cnediamine was 
defined by pho.on.tric measurement a, 405 nm. The peptides were used ,n concentrate 
of ,00 uM ,o 0.3 uM. To cheek the specificity o, .he inhibition o, the LEH/6-catenin 
interacion 3-ca.entn was absorbed in the we„s and detected by means of the same an.ib.dtes 
in the presence and absence of the peptides (Figs. 2 and 3). 

For a mutation analysis of the peptides the indicated amino acids were substituted by a,ani„e 
during the synthesis. The inhibition of the complex formation of B-catenin and LEF-, was 
quantified as has been already described (Fig. 2). 

4 . Preparation and testing of mutants of B-catenin modulating .he interaction with LEF-,. 
APC, conductin or E-cadherin 



The mutagenesis of B-catenin 
"mutagenesis kit" of the company 
mutants were checked by sequencing (Mg 



in in the armadillo repeats 3-8 was carried out by means of the 
Clontech according to the producer's record and the 
(Fig. 5). In all mutants the original amino acid was 



subs ,,, UI od by aianinc. For anting the interactions the cDNA of human B -caten,n 
(arol adulo repeat 3 up ,o the C-termina, «• * *■ P~*> «*• *» * ami "° "* . 
, OU2.8.LCU78, or its mutants was cioncd into the fusion vecro, for ,hc activation doma.n o, 
G a,-4 (OOAD424. Clontech). The cDNA for ,hc binding domains of ,hc interaction partners 
was cloned inlo the LexA fusion vector BTM 1 1 6. To this end, the cDNA of LEF- 
am i„o acids ,-9,. conductin for the amino acids A,a342-ARG465; o, human APC for the 
amino acids His,0,2.G,u,2.5 (APC ,5 amino acid repeats, and for ,he amino actds Serl259- 
Asp 1400 (APC 20 amino acid repeats) and E-cadherin for the amino acids Gln773-As P 884 
(chiasmatic domain) were amphficd with the respective primers PCR. The interaction of 
the Lex-A hybrids with B-cenin and its mutants was quantified by means of the fl- 
gaiactosidase reporter activity in the yeas, 2-hybr.d system „eport:"Ma,chma k er-, Conteeh) 
(Tab. 2 and Fig. 6). 



Legends for the Figures and Tables: 



Fig. 1 

Identification of ihc minimal binding domain of LEF-1 for 8-catcnin 

The interaction of fragments of die binding domain of LEF-1 with B-catenin was analyzed by 
means of the B-galactosidase reporter activity in the yeast-2-hybrid system. The deletion of C- 
terminal amino acids of LEF-1 up to Glu27 and N-terminal amino acids up to Gly 10 does not 
result in a loss of bond (1 1-27) whereas further deletions prevent the interaction (1 1-23, 17- 
34). Accordingly, the minimum binding domain of LEF-1 for B-catenin consists of 17 amino 

acids (1 1-27) showing an acidic character. The partial domain of LEF-1 covering Met21 up 

to Val 56 does not show any binding activity towards fi-catenin. 



Fig. 2: 

Characterization of the minimum binding domain of TCF-4 by inhibition of binding of 6- 

catenin to LEF-1 in an ELISA 

Synthetic peptides from the N-terminal area of hTCF-4 with substitutions of the amino acid 
residues indicated were tested for their ability to inhibit the interaction between LEF-1 and fi- 
catenin. The substitution of the acid amino acid residues of AsplO, AsplS and Asp22 of TCF- 
4 by analine results in stopping the inhibition by the respective peptides. The substitution of 
Phe20 and Lys21 has the same effect. By a deletion an acid, minimum binding domain of 
TCF-4 for B-catenin of a length of 14 amino acids (Asp 10 up to Glu23) was identified. 

Fig. 3: 

Inhibition of the interaction between LEF-1 and B-catenin by synthetic peptides of the 
minimum binding domain of LEF-1 in an ELISA 

The synthetic peptide of the minimum binding domain of LEF-1 (10-34) inhibits the 
interaction between LEF-1 and B-catenin in an ELISA. A reduction of the complex formation 
to 50 % is measured in the event of the peptide concentration being 4 uM whereas a peptide 
of LEF-1 with the amino acids Ile35-Val56 does not inhibit complex formation. 



Fig. 4: 

A substitution of acid amino acid residues and of phenyl alanine in the minimum binding 
domain of LEF-1 blocks the translocation of 6-catenin into the cell nucleus. 



A. 



MDCK cells were transfected with wild type and mutants of LEF-1 and the 
translocation of endogenous 6-catenin into the cell nucleus was checked by an 
immunofluorescence detection. The substitution of the acid amino acid residues of 
Aspl9, Glu20, Asp26 and Glu27 by alanine blocks the translocation of 6-catenin into 
the cell nucleus; the substitution of the aromatic amino acid Phe24 has the same effect. 
The substitution of Glul4 and Lys25 does not prevent a translocation. Arrows mark 
the cells transfected by LEF-1 in the immunodetection for endogenic 6-catenin. 



B. Comparison of the minimum binding domains of LEF-1 and TCF-4 with the 
respective positions of the amino acids. 

Fig. 5: 

Mutations of alanine in the armadillo domain of 6-catcnin resulting in a reduction of more 
than 70 % of the interaction with LEF-1, APC, conductin and E-cadherin. 

The localization of the mutations related to the structural context (Helix 1-3. in frames) is 
represented. The figures above the amino acids in the sequence mark the analyzed mutants. 
The mutants with a reduction of the interaction with LEF-1 (red), APC (blue), conductin 
(green) and E-cadherin (yellow) of more than 70 % are marked by various colours. Amino 
acids marked grey represent in all repeats preserved identical or chemically similiar amino 
acids. 



Fig. 6: 

Mutations in the armadillo domain of B-catenin preventing specifically only binding of LEF- 
1, APC. conductin and e-cadherin. 

Representation of the armadillo domain repeats 3-8 with mutations showing a reduction of the 
respective interaction to less than 30 % (red) or to 30-60 % (yellow). Mutants which are 
specific for the respective interaction: Arg469 and His470 for binding LEF-1, Trp383 for 

/a 



APC (20 amino acid repeats). Ar 8 386 for A PC (IS amino acid repeats). Phe253, Ar g 27< and 
Trp3 38 for conduct* are marked by arrows. The interactions were determined in a yeas, 2- 
nybrid system by means of the B-galactosidase reporter activity. 



Tab. 1: 

Amino acid sequence of the armadillo repeats 3-8 of human B-ccnm 



Tab. 2: 

CompilaUon of aU B-ca,enin — with a binding acuvi.y of less .ban 60 % 
towards ,ne b,ndin g domains of tEF-1. APC. conducin and E-cadherin indeed 



• 



Tab. 1 



Amin,, acid sequence ,,, ,nc human krt (armadillo repeats 3-8) 



Tab. 2 

Interaction between C-catenin mutants 
conduct in and E-cadherin 



. and LEF-1. APC (20 and 15 amino acid repeats), 



ar _ interaction with 

B-catenin mutants arm. 

units LEF-1 APC -20 



APC-15 conductin E-cadherin 



• • , «,ith the wild tvoe 6-catenin in percent. 
The values give .he share of .he rcspecuve u-.eracuon «fc the W 

marked by - correspond .0 60 - 100 % of .he wild ,y P e «« The values 



Interactions 
were determined in yeast 2-hybrid assays 



Fig. 1 

Binding 10 B-catenin 
(B-galactosidasc uniis) 



Fig. 2 

Inhibition of binding of B-catcnin 



/ 



Fig. -1 

iahibUion of ,hc in.crac.ion bcwccn LEF-I and 0-ca.cnin by syn.hc.ic pcp.idc from .he 

minimum binding area 
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